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ABSTRACT

The MSC Radiation Constraint Panel is currently
exploring the utility of the concept of crew member radiation
standards for the Apollo lunar landing mission. The preliminary
mission rules specify that the POD for the CSM pilot will be
1/2 the POD for the LM crew.

Some practical aspects of this concept are evaluated
in this report, and some modifications are suggested in the

light of this evaluation.
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INTRODUCTION

The MSC Radiation Constraints Panel has the respon-
sibility of talloring a radiation program which is specific
to each manned space flight. This responsibility is not in the
narrow sense of picking appropriate values for dose limits, but
entails the development of the conceptual framework required
for reconciling the various constraints on the mission, of
which radiation is only one. The final product of the RCP
will be a set of mission rules which will formally describe
alternate missions to be undertaken in the case that the
adopted radiation dose limits are exceeded.

The minutes of the RCP, dated October 13, 1967, of
the third meeting of the panel contain in Enclosure 3 a pre-
liminary set of ground rules which are currently being eval-
uated by the RCP. (See the Appendix.) Rules 2, 5, and 6 of
this set invoke the concept of "crew member" radiation standards.
This concept is an innovation of the RCP and is an interesting
variation on accepted health physics principles. The purpose
of this paper is to evaluate the practical aspects of this
concept.

THE CREW MEMBER RADIATION STANDARDS CONCEPT

The crew member radiation standards concept starts
with the recognition of the fact that the role of each crew
member 1s not equally critical in all phases of the mission
for the success of that phase. In particular, on the return
from the moon, the LM crew will play a minor role compared to
the CM pilot. The obvious implication is that the pilot's
physical well being is most critical in this phase. By this
time in the mission he should not have been permitted to
accumulate a radiation dose which may be permissible for the
LM crew. Hence rule 2. The LM crew's being nauseous during
this phase of the mission will entail less risk to mission
success than the same symptons in the CM pilot.

PRACTICAL ASPECT OF THE CONCEPT

Without raising any issue about the derivation of
these rules, let us consider the operational feasibility of
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this concept. Is it physically possible for the CM pilot and
the LM crew to get significantly different depth dose?

Dose calculations have been performed for the astro-
nauts in the Command Module in free space and in the Lunar Module
and space suit on the lunar surface. The spectrum was assumed
to be exponential in rigidity, with equal numbers of protons and
alpha particles. The: shield models used for the CM and LM are

shown in Figure 1.¥ The spacesuit was taken to be O.2g/cm2
thick. Doses calculated in the LM and spacesuit were reduced
by a factor of two to include shielding provided by the moon.

The results are shown in Table 1 for spectra with
characteristic rigidities of 40 MV, 100 MV and 160 MV representing
soft, average, and hard spectra. Because of the fact that several
parameters are required to specify the number and spectrum of
the particles in an event, it is not always meaningful to compare
doses resulting from different spectra while holding the total
number of particles fixed. Therefore the results of the cal-
culations for the two shielding configurations should be compared
for the same spectrum rather than for different spectra. Since
an arbitrary scale factor is used for the total number of par-
ticles in this illustration the relative values are important
rather than the absolute values. However this number was chosen
to represent a very large event.

The uncertainty 1n any of the values calculated is
probably not greater than a factor of 2 given the particle
spectrum used. 1In an operational situation where the spectrum
is never known perfectly the uncertainty in the dose prediction
will be largely that in the estimates of the event size para-
meters. Even after the event is over the uncertainty in the
overall particle flux is probably larger than a factor of two,
while during the event the flux predictions are significantly
less accurate. These facts imply that operationally the
expected dose in one mission configuration must differ from that
in an alternate configuration by more than a factor of two
before one can Jjustify selecting one made over the other.

It is seen from Table 1 that the skin dose is the
only tissue dose that can be reduced appreciably by modifying
the mission during its lunar phases. Of course other doses
accumulated up to the time of some particular maneuver may be
affected by early mission modification, but with the above

¥Alva C. Hardy, MSC; personal communication.
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shield model and spectra it turns out that the total depth
doses are relatively insensitive to whether the astronaut is

in the LM on the moon or in the CM. 1In fact, because of the
shielding provided by the moon, in some cases the depth dose

is lower in the LM on the 1lunar surface than in the CM. There-
fore it appears that at this phase of the mission the only

total tissue dose which mission rules can affect is that pro-
ducing erythema.

CONCLUSIONS

The above calculations show that with regard to total
accumulated dose the only tissue dose that can be affected
significantly by mission rules during the lunar phase of the
mission is the skin dose. However, when a mission operation
imposes a requirement for crew performance at some particular
part of the mission, the rules can reduce the dose accumulated
up to that time by moving that phase of the mission forward
in time with some mission alteration.

It is suggested that in rule 2 the GI dose criteria
which cannot really be enforced be replaced by skin dose limits
which mission rules can affect.
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FIGURE | - SHIELDING OF CM AND LM



